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Abstract — 1 .  Glycopyrrolate.  a  synthetic  quaternary  ammonium  compound  had  biphasic  effects  on  the 
contraction  of  guinea-pig  atrium.  At  concentrations  between  0.4  and  20  #iM,  glycopyrrolate  induced  a 
mtnll  but  consistent  increase  in  the  contraction  force. 

2.  Further  increase  in  the  concentration  of  glycopyrrolate  produced  a  concentration-dependent 
reduction  in  the  force  of  contraction  with  a  EC„  of  0.24  mM. 

3.  This  negative  inotropic  effect  was  opposed  by  a  CaJt  channel  agonist.  Bay  K  8644.  Glycopyrrolate 
also  antagonized  potently  the  depressant  effects  of  carbachol  and  acetylcholine  in  guinea-pig  atrium. 

4.  Schild  analysis  showed  a  pA,  value  of  8.16  against  carbachol  and  8.39  against  acetylcholine.  These 
similar  pA2  values  suggested  that  both  compounds  may  have  a  common  interacting  site.  The  interactions 
however  cannot  be  explained  by  a  simple  competition  model  as  the  slopes  of  the  Schild  plots  were  larger 
than  unity. 

3.  The  mutual  competition  between  glycopyrrolate  and  quinuclidinyl  benziiate  (QNB),  gall amine  or 
methoctramine  indicated  that  glycopyrrolate  could  have  multiple  action  sites  in  the  atrium.  Interaction 
at  an  allosteric  site  was  implicated. 

6.  Radioligand  binding  studies  showed  that  glycopyrrolate  displaced  pirenzepine  (PZ)  and  AF-DX  384 
from  their  binding  to  the  M,  and  M2  muscarinic  receptors  in  guinea-pig  brain  membranes  respectively. 

7.  The  respective  binding  constants  (K,s)  were  0.60  and  0.03  nM.  The  Hill  coefficient  value  (*h)  for 
glycopyrrolate  against  [’H]  PZ  was  larger  than  unity,  suggesting  positive  cooperativity  at  the  receptor 
complex.  In  contrast,  the  nH  of  the  agonist  (JH|  AF-DX  384  was  not  different  fror  unity,  indicating  a 
simple  competitive  inhibition. 

8.  Our  results  confirm  the  antimuscarink  properties  of  glycopyrrolate.  We  suggest  that  the  therapeutic 
value  of  glycopyrrolate  in  the  treatment  of  organophosphate  poisoning  is  associated  with  its  potency 
against  prolonged  muscarink  receptor  activation  by  cholinergk  agonists. 


INTRODUCTION 

Glycopyrrolate  is  a  synthetic  quaternary  ammonium 
compound,  known  to  have  antimuscarinic  effects. 
Together  with  atropine,  glycopyrrolate  is  commonly 
used  during  anaesthesia  as  an  antisialogue  and  to 
prolong  the  effectiveness  of  some  anticholinesterases 
such  as  physostigmine  and  neostigmine  against 
neuromuscular  blockade  (Muravchick  et  al. ,  1979). 
This  effect  is  apparently  unrelated  to  the  inhibition  of 
acetylcholinesterase  as  glycopyrrolate  is  not  an 
acetylcholinesterase  inhibitor  (Lau  and  Szilagyi, 
1991,  data  not  shown).  In  contrast,  Wali  et  al.  (1987) 
suggested  that  glycopyrrolate  intensifies  neuro¬ 
muscular  blockade,  delays  recovery  after  atracurium 
and  is  a  potent  antagonist  of  the  muscarinic  effects 
of  neostigmine  in  rat  isolated  phrenic  nerve- 
diaphragm  preparation.  Studies  by  Richards  et  al. 
(1989)  indicated  that  glycopyrrolate  when  adminis¬ 
tered  intramuscularly  produces  less  tachycardia 
than  atropine  in  anaesthetized  patients.  This  may 
be  due  to  the  slow  penetration  of  glycopyrrolate 


*To  whom  all  correspondence  should  be  addressed. 


through  the  blood-brain  barrier  (Proakis  and  Harris, 
1979)  which  results  in  smaller  interferences  with  the 
central  cholinergic  pathways  associated  with  cardiac 
innervations. 

Recently,  glycopyrrolate  has  been  used  in 
combination  with  atropine,  benzodiazepine  and 
pralidoxime  to  treat  patients  intoxicated  by  organo- 
phosphates.  The  combined  formulations  gave 
superior  control  of  bronchial  secretions  and  mini¬ 
mized  the  occurrence  of  bradycardia.  Furthermore, 
the  combination  therapy  produced  fewer  central  toxic 
symptoms  in  comparison  to  cases  when  larger  doses 
of  atropine  alone  were  used  (Tracey  and  Gallagher, 
1990).  This  evidence  points  to  the  usefulness  of 
glycopyrrolate  in  treating  medical  conditions  with 
cholinergic  implications,  although  its  pharmacologi¬ 
cal  properties  have  not  been  fully  determined. 

In  the  present  investigation,  we  have  examined  the 
antagonism  by  glycopyrrolate  of  the  negative  in¬ 
otropic  effects  due  to  acetylcholine  and  carbachol. 
Mutual  competition  studies  with  muscarinic  antagon¬ 
ists  and  displacement  experiments  against  specific 
muscarinic  radioligands  wen  also  conducted  to  eluci¬ 
date  possible  sites  of  action  of  glycopyrrolate. 
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MATERIALS  AND  METHODS 
Guinea-pig  atrial  preparations 

Left  ainal  preparations  were  surgically  removed  from 
female  guinea-pigs  weighing  250-400  g  as  described  by 
Freeman  and  Turner  (1974).  Preparations  were  transferred 
to  an  organ  bath  containing  Ringer's  heart  solution  (compo¬ 
sition  mM:  NaCl  115.  KC1  4.6,  CaCl3  1.8.  MgS04  1.2. 
NaHP04  1.2.  NaHCOj  22.  glucose  22.  pH  -  7  4)  at  37"C. 
The  buffer  was  continuously  aerated  with  carbogen  (95*4  O, 
and  5*4  CO:).  The  preparations  were  allowed  to  equilibrate 
for  30  min  before  the  experiment  commenced.  The  atria 
were  stimulated  at  2  Hz  and  10  V  and  the  tension  of 
isometric  contraction  was  recorded  by  a  Shinkoh  U-gauge 
(UL-2-120).  The  signal  outputs  were  modulated  by  a  Coul- 
bourne  transducer  (S72-7S)  and  recorded  by  a  Graphtech 
linear  recorder  (WR-3071).  Tension  development  was  con¬ 
stant  during  the  period  of  the  experiments  which  lasted  for 
approx.  3  hr. 

Brain  membrane  preparations  for  receptor  bindug  assays 

Female  guinea-pigs  were  killed  by  cervical  dislocation  and 
the  brains  rapidly  removed  for  membrane  preparation.  Each 
guinea-pig  brain  weighing  2-4  g  was  dissected  into  different 
brain  regions,  the  cortex  and  cerebellum.  The  cortex  was 
homogenized  in  20  ml  ice-cold  Tris-HCl  (50  mM.  pH  =•  7.7) 
and  the  cerebellum  in  20  ml  ice-cold  Na-K  phosphate  buffer 
(lOmM.  pH  *»  7.5)  by  an  Ultra-Turrax  homogenizer  on 
setting  6  for  two  1 5  sec  bursts  with  30  sec  rest  period  in 
between.  The  homogenate  was  then  centrifuged  at  18.800  g 
for  30  min  at  4<>C.  The  pellet  was  resuspended  in  20  ml  buffer 
and  recentrifuged  under  the  previous  conditions.  The  Anal 
pellet  was  resuspended  in  10  ml  buffer.  Extracts  from  cortex 
were  later  incubated  with  [’H]  PZ  for  the  assay  of  M, 
muscarinic  receptors,  while  those  from  cerebellum  were 
equilibrated  with  J’H]  AF-DX  384  for  M2  subtype  assay. 
Protein  concentration  of  the  cortical  extracts  ranged  from  6 
to  10  mg/ml,  and  of  the  cerebellum  extracts,  4-6  mg/ml. 

Displacement  studies 

200  pi  of  the  cortical  or  cerebellum  extracts  was  incubated 
with  varying  concentrations  of  glycopyrrolate 
(0.01  nM-0.1  pM)  in  a  total  volume  of  2  ml.  For  M,  recep¬ 
tor  assay,  375  pM  pH]  PZ  was  used  and  for  M,  assay, 
220  pM  pH]  AF-DX  384  was  applied.  Non-specific  binding 
for  pH]  PZ  was  defined  with  1  pM  QNB  and  for  pH] 
AF-DX  384,  1  pM  atropine. 

The  incubation  time  was  2  hr  for  pH]  PZ  and  1  hr  for  pH] 
AF-DX  384.  Binding  was  terminated  by  filtering  through 
polyethyieneimine  (0.05%  w/v)  moistened  Whatman  GF/B 
filter  paper  using  a  Brandel  Cell  Harvester.  The  filters  were 
rapidly  washed  with  15  ml  cold  buffer  in  five  aliquots  and 
equilibrated  with  10  ml  Beckman  Readyprotein  scintillant 
for  24  hr.  Radioactivity  was  measured  after  equilibration 
with  a  Beckman  liquid  Scintillation  System  LS  5801;  with 
a  counting  efficiency  of  50%  for  tritium. 

Protein  determination 

The  protein  content  of  the  brain  membranes  was 
measured  according  to  the  Lowry  et  at.  method  (1951). 

Data  analysis 

The  concentration-response  curves  were  constructed  by 
adding  drugs  cumulatively  to  the  organ  bath.  This  did  not 
apply  to  the  experiments  for  ACh,  as  the  atria  developed 
desensitization  at  higher  concentrations  of  ACh.  Conse¬ 
quently,  fresh  ACh  was  administered  after  the  previous  dose 
was  washed  out.  Data  are  presented  as  mean  ±  SEM;  and 
the  difference  between  the  means  was  analysed  by  the 
Student's  t-test  (Downie  and  Heath,  1970). 

The  results  of  the  displacement  experiments  were  analysed 
by  a  Hill  plot  to  obtain  the  Hill  coefficient  (nH)  and  the 
inhibition  constant  (X,)  for  glycopyrrolate.  The  binding 


dissociation  constant  (X„)  required  for  the  calculation  o.  K 
was  determined  in  other  experiments.  Details  of  the  method 
have- been  described  by  Freeman  et  al.  (1986). 

Chemicals 

Atropine,  gallamine,  carbacbol  and  acetylcholine  were 
obtained  from  Sigma,  St  Louis,  Mo,  U.S.A.  ( ± )  Quinu- 
clidinyl  benzilate  (QNB),  Bay  K.  8644  and  methoctramine 
were  from  Research  Biochemicals  Incorporated,  Natick. 
U.S.A.  Glycopyrrolate  was  a  gift  from  A.  H.  Robbins, 
Sydney.  pH]  PZ  (87.0  Ci/mmol)  and  pH]  AF-DX  384 
(97.0  Ci-mmoi)  were  purchased  from  DuPont,  Wilmington, 
U.S.A.  All  other  chemicals  used  were  AR  grade  and  are 
readily  available  from  the  usual  commercial  sources. 

RESULTS 

Effects  of  glycopyrrolate  on  atrial  contractility 

Glycopyrrolate  at  different  concentration  ranges 
produced  opposite  effects  on  the  atrial  force  of 
contraction,  in  the  lower  concentration  range 
(0.4-20  pM),  glycopyrrolate  marginally  increased  the 
force  by  4-13%.  In  contrast,  increasing  the  concen¬ 
tration  from  40  pM  to  0.8 mM  induced  a  concen¬ 
tration-dependent  reduction  in  the  force  of 
contraction  with  a  ECW  of  0.24  ±  0.03  mM  (Fig.  1). 
At  0.8  mM,  glycopyrrolate  completely  slopped  atrial 
contraction.  Addition  of  0.S  p  M  Bay  K.  8644,  a  CaJ* 
channel  agonist  (Fleckenstein,  1984)  antagonised  the 
negative  effect  of  glycopyrrolate  by  shifting  the 
concentration-response  curve  to  the  right  (Fig.  1). 
The  EC*,  for  glycopyrrolate  was  increased  to 
0.47 1 0.03  mM  which  was  significantly  different 
( P  <  0.05,  n  «*  6)  from  the  value  obtained  in  the 
absence  of  Bay  K.  8644.  The  negative  inotropic 
effect  of  glycopyrrolate  on  the  left  atrium  was 
readily  reversible  as  the  force  of  contraction  rapidly 
returned  to  the  control  level  when  the  drug  was 
washed  out. 

Interactions  with  muscarinic  agonists 

Glycopyrrolate  (0.01-0.1  pM)  potently  antago¬ 
nised  the  negative  inotropic  effects  induced  by  acetyl¬ 
choline  and  carbachol.  The  concentration-response 
curves  for  both  muscarinic  agonists  were  displaced  in 
parallel  to  the  right  in  a  manner  dependent  on  the 
concentration  of  glycopyrrolate  (Fig.  2).  The  antag¬ 
onism  was  fully  surmountable  as  high  concentrations 
of  the  muscarinic  agonists  were  capable  of  attaining 


LOfl  fllycopyrroloW  (M) 

Fig.  1 .  The  negative  inotropic  effects  of  gtycopyrroiate  in  the 
absence  (•)  and  presence  (A)  of  0.5pM  Bay  K  8644  on 
guinea-pig  atrium.  Each  point  is  the  mean  ±  SEM  of  6 
observations. 
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(A)  (B) 


Fig.  2.  The  effect  of  glycopyrrolate  on  the  negative  inotropic  effect  of  (A)  acetylcholine  and  (B)  carbachol. 
Each  point  is  the  mean±SEM  of  4-6  observations.  Controls  (O);  glycopyrrolate  concentration 
administered:  10  nM  (•),  20  nM  (•),  50  nM  (A)  and  100  nM  (■). 


maximum  reduction  in  the  arterial  force  of  contrac¬ 
tion  in  the  presence  of  glycopyrrolate.  Analysis  of  the 
data  by  Schild  plot  (Arunlaskshana  and  Schild,  1959) 
showed  a  Unear  relationship  (r  $  0.95).  The  pA2  value 
for  glycopyrrolate  was  8.16  against  carbachol  and 
8.39  against  acetylcholine.  The  respective  slopes 
of  the  plots  were  2.2  and  3.0  (Fig.  3).  They  are 
both  significantly  different  from  unity  (P  <  0.05); 
indicating  that  the  antagonism  is  not  of  the  simple 
competitive  type. 

Antagonism  to  carbachol  by  glycopyrrolate  and 
muscarinic  antagonists  alone  or  in  combination 

The  antagonism  of  the  negative  inotropic  effects  of 
carbachol  by  glycopyrrolate.  in  combination  with  the 
muscarinic  antagonists  QNB,  gallamine  and  methoc- 


tramine  was  investigated.  Based  on  the  method  of 
Paton  and  Rang  (1965),  the  dose  ratios  of  the  exper¬ 
iment  in  which  the  two  drugs  were  applied  simul¬ 
taneously  should  not  be  different  from  the  combined 
dose  ratios  individually  determined  for  the  two  antag¬ 
onists  if  they  compete  at  the  same  site.  If  they  do  not 
compete,  but  combination  with  either  drug  blocks  the 
receptor,  then  the  experimental  dose  ratio  should  be 
equivalent  to  the  product  of  the  individual  dose  ratio 
of  the  two  antagonists.  Table  1  shows  the  dose  ratios 
for  glycopyrrolate,  QNB,  gallamine  and  methoc- 
tramine.  alone  and  in  combination,  competing  with 
the  muscarinic  agonist  carbachol.  The  experimental 
dose  ratio  of  glycopyrrolate  (50  nM)  and  QNB 
(5  nM)  was  225.  It  was  significantly  ( P  <  0.05)  larger 
than  the  ratio  (37)  expected  for  a  combination  of  two 


Acetylcholine  Corbochol 


Fig.  3.  Schild  plot  for  the  antagonism  between  glycopyrrolate  and  acetylcholine  or  carbachol  at  atrial 
muscarinic  receptors  in  guinea-pig  left  atrium.  The  points  are  the  means  of  4-6  experiments. 
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Table  I.  Doee  rmuoa  produced  by  glycopyrrolalc  in  combination  with  QNB.  lallanune  or  meihociramine  on  muacanmc  recepton  ol 
_  guinca-pi|  atnum  wiih  carbochol  as  agonist _ 


Glycopyrrolate 

concentration 

(nM) 

Glycopyrrolate 
dose  ratio 

M) 

QNB  (]  nM) 
dose  ratio 
<«> 

Gallamine  (0.1  mM) 
dose  ratio 
(«> 

Meihociramine  (1  /iMI 
dote  ratio 
(B) 

Experimental 
obtained  dose  ratio 

Expected 
doee  ratio 

(4  +  B-1) 

so 

67.0  ±9.8 

21.0  ±8.5 

225.0  ±8.1* 

870 

(a  -  10) 

(a  m  S) 

(a  -  3) 

SO 

67.0  ±  9.8 

81.1  ±  1 1.6 

212.2  ±34  9 

147  1 

(a  - 10) 

(a  -  10) 

(a  -5) 

SO 

67.0  ±9.8 

68  .  S  ±  15  6 

133.8  ±  56  3 

134  5 

(a  -  10) 

(a  -6) 

(a  -  3) 

The  value  of  the  doee  ratio  ia  given  by  mean  ±  SEM.  n  -  No.  of  experiments. 
•  Difference  is  significant  at  P  <  0.0]  level. 


competitive  antagonists  (Table  1).  In  contrast,  a 
combination  of  glycopyrrolate  (50  nM)  and  methoc- 
tramine  (1  jtM),  a  cardiac  M:  antagonist  (Melchiorre 
el  al.,  1989)  produced  a  dose  ratio  of  134  which  was 
not  different  from  the  value  expected  (135)  for  these 
two  competitive  antagonists.  The  same  can  be  said 
for  glycopyrrolate  (50  nM)  and  gallamine  (0. 1  mM), 
a  muscarinic  allosteric  effector  (Mitchelson.  1988) 
which  did  not  show  any  significant  difference  between 
the  expected  (147)  and  the  experimentally  combined 
dose  ratio  (212). 

Inhibitory  actions  at  the  muscarinic  acetylcholine 
receptors 

The  inhibitory  effects  of  glycopyrrolate  on  [3H]  PZ, 
and  pH]  AF-DX  384  were  determined  by  measuring 
the  radioactivity  of  the  ligand-receptor  complex  in 
the  presence  of  increasing  concentrations  of  the  in¬ 
hibitor  and  constant  radioligand  concentration.  The 
results  were  analysed  by  a  Hill  plot,  i.e.  log  (K/(l-K)] 
vs  log  /  where  Y  is  the  ratio  of  the  radioligand  bound 
in  the  presence  of  glycopyrrolate  to  that  in  its  ab¬ 
sence,  and  /  is  the  concentration  of  glycopyrrolate. 
The  slope  of  the  plot  is  known  as  the  Hill  coefficient 
(hh)  and  IC*  is  the  value  of  /  at  which  Y  =*  0.5.  The 
dissociation  constant  of  the  glycopyrrolate- receptor 
complex  X;  is  calculated  by  dividing  IC*  by 
(1  +  Q/K a)  where  Q  is  the  concentration  of  the 
radioligand.  Table  2  shows  the  X,  and  nH  values  for 
glycopyrrolate  competing  vs  pH]  PZ  and  pH]  AF-DX 
384.  Results  indicated  that  glycopyrrolate  can  dis¬ 
place  pH]  AF-DX  384  (X;  -  0.03  nM)  more  readily 
than  pH]  PZ  (X> »  0.60  nM)  from  their  receptors.  The 
rh  value  for  glycopyrrolate  vs  pH]  PZ  was  larger  than 
unity  at  P  <  0.05  level;  suggesting  positive  coopera- 
tivity  at  the  radioligand-receptor  complexes.  In  con¬ 
trast,  the  nH  value  vs  pH]  AF-DX  384  was  not 
different  from  unity,  indicating  a  simple  competitive 
interaction  at  the  M2  site. 


DISCUSSION 

Glycopyrrolate  appears  to  be  a  weak  inhibitor 
(EC*  *»  0.24  mM)  of  the  atrial  force  of  contraction. 
The  suppression  seems  to  differ  from  that  induced  by 
the  K.*  channel  openers,  cromakalim  and  pinacidil 
(Lau,  1992)  which  could  not  completely  abolish  atrial 
contraction.  This  negative  inotropic  effect  of  glycopy- 
rrolate  does  not  arise  from  the  blockade  of  the 
muscarinic  ACh  receptor  since  at  concentrations  far. 
lower  than  its  EC*,  all  receptors  would  be  blocked 
(see  Table  2).  Rather,  the  inhibition  of  atrial  contrac¬ 


tion  resembles  that  of  Ca2*  channel  blockers  such  as 
diltiazem  and  nifedipine;  both  of  which  can  totally 
relax  atrial  muscle  (Fleckenstein  et  al 1984).  The 
antagonism  by  the  Ca2t  agonist  Bay  K.  8644  on  the 
negative  inotropic  effect  of  glycopyrrolate  appears  to 
support  such  a  contention  (Fig.  1).  Although 
classified  as  an  antimuscarinic  (Goodman  and 
Gilman.  1966),  it  is  plausible  that  glycopyrrolate 
could  have  a  different  pharmacological  spectrum  at 
different  concentrations.  At  concentrations  in  the 
millimoiar  range,  it  may  block  Ca2+  channels;  de¬ 
crease  the  slow  inward  current  earned  by  Ca2*  plus 
Na  ’  (Reuter,  1979)  and  subsequently  reduce  the 
force  of  atrial  contraction.  Radioligand  binding  stud¬ 
ies  with  Ca2*  channel  blockers  such  as  pH]  nitrendip¬ 
ine  (Freeman  et  al ..  I98S)  may  assist  in  providing 
some  clues.  The  positive  inotropic  effect  of  glycopy¬ 
rrolate  at  the  lower  concentrations  was  inexplicable 
as  the  effect  was  relatively  insignificant  and  was 
independent  of  the  concentration  of  glycopyrrolate. 

The  depressant  effects  of  acetylcholine  and  carba- 
chol  are  both  antagonized  by  glycopynolate.  Analy¬ 
sis  by  Schild  plot  showed  linear  relationships 
(r  s  0.95)  and  the  intercept  on  the  abscissa  (i.e.  dose 
ratio  3=  2)  was  6.9  nM  glycopyrrolate  against  carba- 
chol  and  4.1  nM  against  acetylcholine.  These  two 
apparent  dissociation  constants  are  comparable  to 
each  other,  suggesting  that  glycopyrrolate  and  the 
two  muscarinic  agonists  could  interact  at  a  common 
site.  The  site  is  most  likely  the  atrial  muscarinic 
acetylcholine  receptor  as  it  is  known  that  these  two 
agonists  induce  the  contractile  effects  through  acti¬ 
vating  the  muscarinic  receptors  and  the  associated 
K  f  channels  in  the  atrium  (Freeman.  1974).  The 
slopes  of  the  Schild  plot  against  both  agonists  were 
significantly  ( P  <  0.05)  larger  than  unity,  which  are 
not  consistent  with  simple  competitive  inhibition. 
These  ‘greater  than  unity'  Schild — regression  slopes 


Table  2.  Inhibitory  effect!  of  glycopyrrolate  on  the 
buntings  of  (’HI  PZ  and  (’H)  AF-DX  JM  to  the 
muicahnic  recepton  in  gui oca-pig  brain  mem¬ 
brane!.  Values  of  K,  and  *h  arc  means  ±  SEM.  Each 
data  point  is  calculated  from  3-7  experiments. 


Radioligand 

X,(nM) 

"M 

(’HI  PZ 

0.60  ±0.22 

1.6  ±  0.1 1* 

(’HI  AF-DX  JM 

OOJ±OOI 

1.3  ±  0.25 

X,  -  Binding  affinity  constant;  n„  •  Hill  coefficient. 
•P  <  0.0J. 

Kt  of  [’H]  PZ  and  f’H]  AF-DX  JM  used  for  K, 
calculations  were  0.29  and  0.12  nM  respectively. 
The  Kt s  were  obtained  from  saturation  isotherm 
experiments  and  estimated  by  MxN-Fii  program 
(Burgtsser.  1988). 
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coukl  be  an  indication  that  the  drug-receptor  inter¬ 
action  is  rate  limiting,  or  there  is  a  saturable  removal 
mechanism  in  the  tissue  for  the  antagonist  (Kenakin, 
1987).  Furthermore,  it  is  plausible  that  glycopyrrolate 
blocks  the  muscarinic  receptors  and  also  interacts 
with  the  associated  allosteric  site. 

Antagonist  combination  experiments  were  carried 
out  with  QNB,  a  muscarinic  competitive  antagonist 
(Birdsail  and  Hufane,  1976);  gallamine,  an  allosteric 
antimuscarink  agent  at  the  cardiac  muscarinic  recep¬ 
tors  (Mitchelson,  1988)  and  methoctramine,  a  cardiac 
Mj  muscarinic  antagonist  (Mekhiorre,  1989).  A  com¬ 
bination  of  glycopyrrolate  and  QNB  resulted  in  dose 
ratio  greater  than  the  sum  of  the  dose  ratios  produced 
by  the  two  antagonists  when  tested  alone  (Table  1). 
These  results  did  not  seem  to  be  completely  consistent 
with  the  two  antagonists  interacting  at  two  different 
but  independent  sites  or  two  different  sites  that 
subserve  the  same  effector  (Pa ton  and  Rand,  196S; 
Cark  and  Mitchelson,  1976).  In  contrast,  the  mutual 
competition  between  glycopyrrolate  and  methoc* 
tramine  or  gallamine  gave  dose  ratios  equal  to  the 
sum  of  the  dose  ratios  of  the  two  antagonists  individ¬ 
ually  determined.  This  strongly  suggested  that  gly¬ 
copyrrolate  competes  with  methoctramine  at  the 
Mr-muscarinic  receptors  and  with  gallamine  at  the 
allosteric  site.  It  is  possible  that  glycopyrrolate  has 
different  binding  sites  in  cardiac  tissues.  It  may  have 
a  high  affinity  binding  to  the  M3  subtype,  inter¬ 
mediate  affinity  at  the  allosteric  site  and  low  affinity 
at  the  Ci1*  channel.  Since  the  cardiac  muscarinic 
receptors  are  dominated  by  the  M3  subtype  (Vickory 
et  at.,  1986),  it  is  conceivable  that  the  M2  receptors 
are  the  primary  site  for  interaction  particularly  when 
the  competing  antagonist  is  M2  selective.  The  radioli¬ 
gand  binding  studies  tend  to  support  this  argument. 
Glycopyrrolate  effectively  displatxd  the  binding  of 
the  M2  selective  pH]  AF-DX  384  (Entzeroth  and 
Mayer,  1990)  from  the  muscarinic  M2  receptors 
which  was  approx.  20  times  more  potent  than 
the  displacement  of  pH]  PZ  from  the  M,  sites  (see 
Table  2). 

In  conclusion,  it  was  demonstrated  that  glycopy¬ 
rrolate  antagonized  the  depressant  responses  in 
guinea-pig  atrium  induced  by  two  muscarinic  ago¬ 
nists.  This  effect  would  have  been  mediated  through 
the  blockade  of.the  atnal  muscarinic  receptors.  Radi¬ 
oligand  binding  studies  shotted  that  glycopyrrolate  is 
a  potent  inhibitor  atboth  (he  M,  and  M,  teceptors 
with  a  preference  for  the  M2  subtype.  This  makes 
glycopyrrolate  a'  potential  ligand  for  muscarinic 
receptor;  classification.  The  .mutual  competition 
experiments  confirmed  that  glycopyrrolate  interacts 
competittvelj£with  Mjjelective  antagonists  at  the  M2 
sites  which  are  the  {Kedbminant  subtype  in  the  atrial 
tissue.  Inigddition,  glycopyrrolate  appears  to  have  an 
allostenct  effect  and  bloqks  .  Ca**  channels  in  the 
atrium,  although  the  concentration  required  for  CaJ* 
channel  blockade  is  ^rdbably  too  high  to  buikl  up 
under  nrirmal  'phyiieipfjigal  ^conditions.  The  thera¬ 
peutic  mechanisms  of,  glycopyrrolate  treatment  of 
organophosphate  poisoning  are  mainly  associated 
with  its  BoUmt  anti-muscarinic  properties.  Whether 
these  efforts  are  pertinent  to  the  peripheral  system 
only  or  have  some  implications  in  (the  CNS  ’is  still 
controversial  as  there  aiefxeports  indicating  central 


anticholinergic  symptoms  following  glycopyrrolate 
administration  (Gram  and  Osborne,  1991). 
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